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Study on the detection method of series fault arc under
vibration condition based on OD-LTP

Liu Yanli Zhang Lingwei Lyu Zhengyang Wang Jialin

(Faculty of Electrical and Control Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract;: When mechanical vibration occurs in a three-phase asynchronous motor, the poor electrical contact points in the main circuit will
generate a series of fault arcs under the influence of vibration, which will compromise circuit safety and potentially lead to electrical fires.
The vibration condition complicates the fault arc signal, so this paper proposes a highly real-time series fault arc detection method under
vibration conditions. First, experimental current data is dynamically preserved by constructing a sliding memory matrix. Secondly, the
texture features of the sliding memory matrix are extracted using orthogonality direction local ternary pattern ( OD-LTP). Finally, the
amplitude of the grayscale distribution histogram of the statistical OD-LTP images is taken as the feature vector. A vibrating series fault arc
detection model is established using support vector machine (SVM) optimized by sand cat swarm optimization (SCSO). By comparing
different matrix parameters, the proposed method achieves an accuracy of 99.2%. Through a comparative analysis of different feature
extraction methods under various working conditions, it is shown that the proposed method is not only suitable for industrial motor inverter
systems under different working conditions, but also exhibits higher real-time performance compared to other feature extraction methods.
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Fig.2  Vibration fault arc generator
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Fig. 11 Scatter plot of the adjacent errors
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Table 4 Comprehensive comparative analysis of different
sampling frequencies and window matrix sizes

45 REE O HERERST R/ % B
1 24%9 9. 1 216
2 24x12 97.4 288
3 24x15 97.3 360
4 27%9 98.3 243
5 30 kHz 27x12 99.2 324
6 27x15 98.7 405
7 30%9 98.7 270
8 30x12 98.9 360
9 30x15 97.8 450
10 36x9 98.6 324
1 36x15 98. 1 540
12 40 iz 39%9 98.7 351
13 3912 98.5 468
14 18%9 97.6 162
15 20 kHz 18x15 97.2 270

3.4 HDEREEILESH

R IAIEAR SCHR P10 43 2 B AR R, AR SR
L AB K ( simulated annealing, SA ) (=N il [ WS
( genetic algorithm , GA ) Ak F R AL 243 5% SVM
77k, 385 SCSO TRALTILIEAT T A, SA GA I
PSO 73 5JE FAMA R K AUE L A0S AR R4 e 58
P, E SA IS EK E R 50, SCSO-SVM , GA-SVM Al
PSO-SVM e Kk R E R 100 ¥k, GA-SVM Fl SCSO-
SVM MIFIEER /N R 10 IR, S8 ¢ IR ARE R 0.1 ~
1 000, Z%0 g B 0. 1~1 000, 7E b SCH R R ~F
R 27x 12 BIREAS P 43 S BEATLAHEC 500 ZH 11 A A i)
WA, AR FZRA SVM U S5 SR 5 foR, &S
AN, 3E2F SCSO-SVM AH XS T H A AL Ak 7 72 43 2 1 i
o

x5 SEEELHW

Table 5 Analysis of the classification algorithms

ik HERA L/ %
PSO-SVM 98.2
SCSO-SVM 99. 6
SA-SVM 98.6
GA-SVM 96. 4

4 BEEEARAIBEFH SEFHETHIE
At

4.1 HWEEZE SR

M TAEA R ol 25, = AH 5720 W gh ALY v,
SR 2 AR, a0 = AR S 2D B BLAE AR 50 B
60 Hz, i as TAEM R 7] LIFE 0 Hz 345 0 4 28 2 [ 3k
AR, LASE B R L S B4 ) 5 03— DL A 728 01
IS FH , BRI AR A A 6 ~ 12 kHz, BB (E 2 AR 75 2
HEAT IR ASE IR PWM 458008 . 78 Z /i 2 A
o ARSIAR S EC i R 50 Hz, ZRIEATR 8 kHz, I
AR ORI ik O AR A g 2R, o A Oy VA AT IZ AR 4y
BT, S5 HAN3% 6 TR,

xR 6 AEIRETHMNGEZHEST
Table 6 General generalization analysis of detection
methods under different working conditions

HS KA RN/ kH, R/ He RS %
1 T \ \ 99.6
2 H 6 50 99.4
3 H 8 50 99.2
4 H 10 50 96.3
5 i 12 50 93.4
6 i 8 40 95.4
7 H 8 60 98.8
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Table 7 Comparison of different feature

extraction methods

SO S S A A 4T
%Zj SRR AFE R #EEEXM eaE /%

1 1 200 10 35.8 99. 4

2 2 400 4 96.9 84.4

3 1200 16 87.7 98.8

4 1200 15 111.6 98.2

5 1200 10 11.3 97.4

6 1200 21 437 98. 4
ARICTT: 324 18 1. 64 99.2
5 B 4

ASCEF MRS AT =R 50 i S AL A8 B 2
FP B g o e, SRS 0 [ 8T, 2 b 0 — o LA i S I 1Y
P S A T R r IR DA A, A SR R sl e B
MBS R S PR BOR MG, 25 R TH 1 [l % e 0 K Ak B Y
ROR 5 SCE 53E FH OD-LTP RRE SR HU 25, A 801 55 T
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